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Introduction
There are very few landscapes in America which have not been altered in some
way by humans. In many cases, that alteration has led to a decline in biodiversity (the
variability among living species), ecosystem services (the direct and indirect
contributions of ecosystems to human wellbeing), ecosystem health (overall conditions of
an ecosystem), or a combination of all. In some cases we want to accelerate and shape the
process of ecosystem recovery to ensure that the ecosystem regains a higher level of
biodiversity and ecosystem services than if left alone. In this paper, I am using the term
ecosystem to refer to individual sites and their biotic and abiotic components, rather than
a large area of land. While there are many nuances to the definitions of restoration, it is
important to note some widely accepted ones and the distinction between restoration
ecology and ecological restoration. Rohr et al (2018) defined restoration ecology as “the
science associated with returning to society the biodiversity and ecosystem functions of
degraded, damaged, or destroyed ecosystems.” This definition implies that one of the
outcomes of ecosystem restoration should be to improve biodiversity and ecosystem
functions. On the other hand, the Society for Ecological Restoration (SER) officially
defines ecological restoration as “the process of assisting the recovery of an ecosystem
that has been degraded, damaged, or destroyed” (SER 2019).
While ecological restoration is still a growing discipline, it is important that we
clarify the definitions, aims, and goals in order to ensure the greatest success in the long
run. As each ecosystem has a different history of use, scale of degradation, and so many
other factors, each restoration project generally yields a unique set of goals and methods
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in order to achieve a successful result. Goals are measurable objectives applied to a
restoration site in order to get to the target ecosystem, such as increasing biodiversity by
30% or creating 5 more acres of wetlands. Goals can be social goals and include some
aspect of community involvement or benefit. Aims, on the other hand, describe the
overall desired outcomes of a restoration project, including goals, but also intangible
objectives such as attaining the highest recovery possible or facilitating future recovery.
Target ecosystems refer to the physical ecosystem which a project wishes to create. They
are based on historical ecosystems and altered based on which ecosystem services we
want to bring back the most, the history of site management and land use, and desires of
stakeholders.
In this paper, I first discuss the current process of restoration, as standardized by
the SER (2019), including how goals are created and how the final result is measured for
success (Figure 1). During discussion, I introduce a few case studies and analyze their
goals and successes. Next, I analyze these methods to determine how current standards
are not adequate for dealing with many challenges we will face in the near future,
including accelerating climate change, population growth, continued resource use, and
disintegrating relationships between people and nature. Using these downfalls, I suggest a
few changes to the future direction of ecological restoration by shifting away from
traditional definitions of restoration and into a process which engineers an ecosystem to
be more resilient to future environmental conditions and land uses (Figure 2). I argue that
our restoration efforts should be focused on the integration of humans and ecosystems by
preparing for these future changes to include all relevant values (including those which
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might seem contradictory), planning for continued success, increasing the importance of
knowledge about future conditions, and promoting social change in views about the
environment. Using the same case studies as before, I explain how a future model of
restoration might do things differently.
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Principles and Standards to guide restoration practice
The process of restoration, being highly interdisciplinary, involves a number of
considerations (Figure 1) and guidance in how to outline the steps in a restoration plan,
from identifying a site to choosing goals and methods, can greatly enhance restoration
outcomes. I have provided an example that goes through choosing goals, methods, and
outcomes (box 1); I analyze each of these parts as discussed further down in my paper.
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Restoration practices vary significantly from project to project but most follow
the same set of standards put forth by the Society for Ecological Restoration (SER).
According to the SER, “application of principles and standards can increase effectiveness
of ecological restoration efforts by establishing criteria for technical implementation
across different ecosystem types” (SER 2019).
SER first attempted to standardize ecological restoration in 2004. They did not
provide any set of standards that we see today, but a similar list of ecosystem attributes
that a recovered ecosystem should present, how to plan for restoration (including how to
select a reference ecosystem [an existing ecosystem which a restoration projects seeks to
recreate]), and how to monitor and evaluate the final project. However, they did not
provide any information on how to do the actual restoration part.
The first edition of an SER guide to restoration was published December of 2016
and contained only 48 pages. The second edition was released in September 2019 and the
page count doubled to 101 pages. Thus, the guidelines and best practices are constantly
being updated and changed. The six key concepts emphasized in the 2016 version are: 1)
ecological restoration practice is based on an appropriate local native reference
ecosystem, taking environmental change into account; 2) identifying the target
ecosystem’s key attributes is required prior to developing longer-term goals and
shorter-term objectives; 3) the most reliable way to achieve recovery is to assist natural
recovery processes, supplementing them to the extent natural recovery potential is
impaired; 4) restoration seeks ‘highest and best effort’ progression towards full recovery;
5) successful restoration draws on all relevant knowledge; and 6) early, genuine and
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active engagement with all stakeholders underpins long-term restoration success (SER
2016).
The updated 2019 SER guide moves from the six concepts to an eight-principle
framework to “explain, define, guide, and measure the activities and outcomes of
ecological restoration practice” (SER 2019). In order to successfully restore an
ecosystem, we need to follow a framework which 1) engages stakeholders; 2) draws on
many types of knowledge; 3) is informed by native reference ecosystems, while
considering environmental change; 4) supports ecosystem recovery processes; 5) is
assessed against clear goals and objectives, using measurable indicators; 6) seeks the
highest level of ecosystem recovery possible; 7) gains cumulative value (understood as
ecological process function) when applied at large scales; and 8) is part of a continuum of
restorative activities.
SER also provides a list of six ecosystem attributes which they use to evaluate
baseline conditions, create goals, and monitor recovery for individual restoration projects:
absence of threats (e.g. from overutilization or invasive species), physical conditions (e.g.
landscape and substrates), species composition (e.g. presence of desirable plant and
animal species), structural diversity (e.g. food webs and habitat diversity), ecosystem
function (e.g. productivity or nutrient cycling), and external exchanges (e.g. corridors for
migration or gene flow). Any given restoration project looks at these six attributes to
determine the current state of the site and use that information in order to determine what
goals to create. These six ecosystem attributes are also important for final project
outcomes, as success can be measured by how each of the six attributes are met.
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Rohr et al. (2018) adds to SER’s recommendations by outlining five main
components of a successful restoration: 1. Defining correct and meaningful baselines and
selecting realistic and appropriate restoration endpoints; 2. Balancing restoration where it
is needed most with where it will be most likely to be successful; 3. Creating sustainable
economic systems to incentivize restoration; 4. Understanding and manipulating the
correct ecological processes to successfully restore ecosystems; and 5. Monitoring to
determine restoration success. SER does some of these things but fails to do some others.
The first component can easily be seen in Figure 1 with the target ecosystems and
measurable goals. The fourth component can be seen when utilizing many types of
knowledge, but manipulation is not explicitly used. Lastly, monitoring is a very important
part of SER’s standards for adaptive management. On the other hand, some components
are not present. For example, it is not clear whether or not location is important to current
standards, only that site history is known. .

Motivation for Restoration
The motivations behind ecological restoration are vast. The reasons why we
restore exist outside of the actual restoration process, and are therefore not included in
either Figure 1 or Figure 2. Nonetheless, I feel that it is important to point out some of the
popular motivations in order to notice that they mainly focus on benefiting humans. The
motivation for restoration is mainly a human-centered one, rooted in the recovery of
ecosystem services (Rey Benayas et al 2009) and human health. Ecosystem services are
the benefits humans obtain from ecosystems; the Millennium Ecosystem Assessment
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splits them into four main categories (Rey Benayas et al 2009): supporting (nutrient
cycling and primary production), provisioning (food crops, fishing, logging), regulating
(climate, water supply, soil characteristics), and cultural (aesthetic value, mental health).
High-value ecosystem services for humans include carbon storage, regulation of climate
and water flow, provision of clean water, and maintenance of soil fertility (Rey Benayas,
et al 2009). Supporting services are generally restored more effectively, and facilitate
other service types to recover or reestablish themselves (Rey Benayas, et al 2009).
Cultural benefits gained from the environment are difficult to measure but are often the
most important to a community. For example, in the Great Barrier Reef Marine Park
project (box 2), the main goal is “to provide for the long term protection and conservation
of the environment, biodiversity, and heritage values of the Great Barrier Reef Region”
(Galatowitsch 2012). The motivation for this particular restoration project is preserving
the cultural identity of their community; the Great Barrier Reef is a cultural beacon for
locals and they feel that destroying the Reef will destroy a large part of their culture.
While we cannot measure the impact on the community, the cultural service is the most
important to them.
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Human health, derived from ecosystem services, is another important benefit of
ecosystems and motivation for restoration. Even nature in small amounts can greatly
increase one’s quality of life. Adding green spaces into urban areas can introduce some
ecosystem services such as air filtration, microclimate regulation, noise reduction,
stormwater drainage, and sewage treatment, as well as opportunities for recreation (Lai et
al 2019). These services had massive “reported benefits to health resulting from exposure
to green spaces include physical fitness and social cohesion, improved mental health, and
reduced mortality” (Lai et al 2019). Gascon et al (2016) analyzed twelve studies from
around the world and found that even just a 10% increase in greenness can have dramatic
effects on the rate of mortality from cardiovascular disease for people living in cities. In
urban areas, green spaces help lower both noise and air pollution, as well as lower heat
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(Lai et al 2019). Thus there are valuable ecosystem service benefits that can be obtained
from ecosystems and from ecosystem restoration.
Although much of restoration focuses on returning ecosystem services, nature
inherently has intrinsic value (O’Neill et al 2008), which sets up an argument for
restoration that contrasts the services view. While the authors themselves do not appeal to
intrinsic value to defend nature, it seems applicable when arguing for restoration.
Intrinsic value is something which is valuable in its own right. In contrast, instrumental
value is something which is a means to an end, valuable because it leads to some other
value (such as money because it is a means with which to buy things which hold intrinsic
value). The notion of ecosystem services is heavily rooted in instrumental value, and has
been a powerful force in the field of ecological restoration (Costanza et al 1997).
However, by asserting that nature has intrinsic value, we assert that it must be considered
in ethical decisions even if it does not benefit humans (O’Neill et al 2008). Even if no
person were to step foot in any National Parks from this day forward, the nature
contained within them would still hold their value, even with no one there to value it. By
acknowledging that ecosystems have intrinsic value, that in itself is a reason to restore.

Target Ecosystems and Choosing Goals and Aims
Before we even begin the process of restoration, we need to have some idea of
what a good target ecosystem looks like, and thus what we should aim for. In the Mana
Island restoration project (Box 1), the target ecosystem was the ecosystem present just
before the degradation. Although none exist anymore, untouched ecosystems have
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intrinsic value, provide many ecosystem services, and promote human health. While we
cannot recreate untouched ecosystems, many ecological restoration projects aim to
recover these lost goods.
According to SER (2019), the very definition of an ecological restoration project
is “any organized effort undertaken to achieve substantial recovery of a native
ecosystem.” When creating a target ecosystem, we start with the native ecosystem which
existed before degradation began, making historical conditions the most important
component in target ecosystems. While the main motivation behind starting any
restoration project might be for ecosystem services, they play a much smaller role in
creating target ecosystems.
As shown in Figure 1, there are many different variables which can be used to
create a set of goals for which an ecological restoration project aims. Setting goals and
aims very early is critical to help increase the chance of a successful restoration project.
Goals, as mentioned before, are tangible and measurable, whereas aims are more general
outcomes of the project. The goals chosen dictate the methods used and the adaptive
management practices following the restoration, so clarity here is extremely important. It
is also important to note that the goals and aims chosen are inherently value-laden. Each
ecosystem service contains some amount of instrumental value, and in choosing to
restore one over another, we are making judgements about what values we think are more
important. Similarly, we cannot get away from making choices about these values. The
role of stakeholders in every step of ecological restoration indicates that humans are
always making decisions about things which are value-laden. In the Mana Island example
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(Box 1), goals and aims included returning to the native ecosystem of forest, and gaining
back biodiversity.
Each individual restoration project has its own set of unique goals and outcomes
which determine which methods are used, how much funding and resources are
necessary, and how long the project will take. While figure 1 gives an outline of what the
final outcome should aim for, there are many additional and more specific goals that a
restoration project can have. However, goals that seem very similar can actually be
conflicting opposites: doing one makes the other impossible. For example, Brudvig et al
(2007) found that in the tallgrass prairies of the Loess Hills in Iowa, a single treatment
could not capture all the goals of land managers. Land managers’ goals were high species
richness, low exotic plant cover, promoting rare native species, and reduction of woody
plants. Three restoration treatments (grazing only, burn only, and a mix of burning and
grazing) led to different levels of the goals, but none maximized all of the goals. Brudvig
et al (2007) recommend that multiple strategies be used to attain management objectives
and that there is not a one-size-fits-all for restoring these grasslands. Further, if talking
about increasing diversity, we could care about the biodiversity of taxa in an
environment, the diversity of functionality to drive many ecosystem functions, or genetic
diversity (Brudvig 2011). I’m going to discuss a few common goals in ecological
restoration: those regarding historical conditions, ecosystem services, or social goals.
Many restoration projects which follow a more traditional definition of restoration
(e.g. that we should be recreating some past landscape (Davis 2000)), often have target
ecosystems and goals which aim to get as close as possible to a landscape in the past,
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usually the most recent native ecosystem. Many restoration ecologists have moved away
from this stringent definition, historical ecosystems remain the most important
consideration for target ecosystems and help shape many of the goals and aims of the
project.
Contemporary restoration practice, moving away from historical ecosystems, is
molded around helping humans in some way. In fact, the very first principle of the SER
standards states, “Ecological restoration projects recognize and acknowledge the interests
and contributions of diverse stakeholders, particularly local stakeholders, and actively
seek their direct involvement to provide mutual benefits to both nature and society” (SER
2019). The first thing they suggest doing when beginning a restoration project is to
determine which benefits humans want to get out of the project. As discussed above,
there are a large number of benefits humans could potentially see from ecosystem
services. Even at the very beginning, we are not aiming to restore an ecosystem for the
ecosystem’s sake, but to benefit ourselves. This inherently is not problematic, but can be
unless we also notice the nonhuman-laden values within an ecosystem (i.e. the intrinsic
values). Many times we focus on increasing biodiversity, but we expect that to ultimately
help us. While we restore places because they were generally destroyed from human
activities, we also want to gain their benefits once more. Speaking from personal
experience, one of the most common arguments to get people to care about the
environment is the threat that humans will suffer as the environment suffers.
Including values in our aims is not often stated explicitly, but seems to underlay a
lot of individual motives for restoration. Viewing an ecosystem for its anthropocentric
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benefits is what led us to destroy it in the first place; we need to change the way we view
the environment unless we want to see it destroyed again. It is very possible to obtain
ecosystem services from an ecosystem without destroying it, but it is often more costly,
time consuming, and limiting. While we now view ecosystems services in ways that are
not inherently exploitative (i.e. cultural, supporting, or regulating ecosystem services),
they are still viewed in an entirely human context. Thus, it is not a far reach to assume
that when provisioning service values outweigh cultural service values, we will act on the
higher value and potentially exploit the ecosystem. We need to begin to acknowledge that
other values are present in an ecosystem and are as important as human considerations
(e.g. ecosystem services which benefit us). We do not need to stop using ecosystems for
human benefits, but it cannot be the only value discussed in an ecosystem.
Social aims refer to those which help an overall community in ways outside of
basic ecosystem services. Holl and Aide (2011) claim that “restoration projects may also
aim to achieve a range of social [aims], such as providing income for local communities,
offering educational opportunities, or serving to reconnect people with natural systems”
(pg 1560). There are many ways for a community to benefit from a recovering and
recovered ecosystem; the Baghmara Community Forest (see box 3) is a restoration
project which empowered locals to stand up for their environment against foreign
wealthy poachers. In trying to save endangered species, the indiginous locals organized
themselves and took control of the restoration project. When the restoration was over and
the forest surrounding the National Park was thriving again, increased ecotourism
boosted the economy. Thus, the restoration benefited the community by empowering
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locals to regain control and responsibility for their land and also helped to stimulate the
economy.
Participating in the recovery, interacting with a completed ecosystem, or simply
observing a natural area and the interactions within it can bring extensive education
opportunities not available in a textbook. People are doing less outdoor education and
spending less time outside overall, resulting in a continual decrease of knowledge about
the natural world (Higgs 2003). Many people no longer have access to natural areas, but
restoring some close to home can open up those opportunities again.
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Methods
In order to execute the individual goals and aims of any one restoration project,
we must first determine what methods are possible to do, and then decide what methods
will help us best meet our goals. This comes from knowledge of the land and history of
the site. Knowledge about an ecosystem’s natural resilience and rate of recovery will
determine how much human involvement is necessary to create our desired outcome.
However, we also need to take into consideration the amount of damage and the
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characteristics of the surrounding landscape. Soil type and climate are good indicators of
whether the ecosystem will be more resilient than others (Holl and Aide 2011). Further,
historical land use of an area will suggest if there are seedlings or a seed bank that will
help an ecosystem recover, and what the plant composition of a recovering ecosystem
might look like and why (Holl and Aide 2011). For example, hunting large animals, both
in the past and present, will reduce seed dispersal, which limits current and future
seedling growth and success. Some land uses have deteriorated groundwater quality and
quantity, which might limit recovery without human assistance. The landscape
surrounding a restoration site often interacts with the ecosystem undergoing restoration,
so using it to determine potential restoration outcomes is essential (Holl and Aide 2011).
For example, there might be a forest nearby that can help provide native seeds. Factors,
such as current human occupation, remaining native vegetation, fences limiting animal
movement, or a new dam upstream limiting water supply are relevant to determining the
state of the land, which can inform the potential future state of the land after ecological
restoration.
Grman et al (2013) agrees, claiming that restoration outcomes, although generally
unpredictable, can be determined by management decisions, landscape contexts, site
characteristics, and historical factors. While there is no accurate way to tell how each of
these factors will impact a restored ecosystem, Grman et al analyzed the four
characteristics and the outcomes of 27 prairie restoration sites in Southwest Michigan.
Ultimately, they found that management decisions were almost always important and
largely determined beta-diversity (the change in diversity from one area to another). Site
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history was also almost always important and usually determined species richness (the
number of species in an area). Landscape context, however, was almost always not
important. This finding is extremely important because it opens up the door for prairies,
and hopefully other ecosystems, to be restored in small areas and within a sea of urban
areas.
Using the information gathered from a landscape (i.e. management decisions,
landscape context, site history) we choose the best method of restoration based on what
we want our final ecosystem to look like. This final image, the target ecosystem, should
be an aggregation of all the project goals. For example, in a restoration project with a
goal to have as many species as possible, both plants and animals, the best method to
achieve the goal might be choosing a seed mix that has a greater variety of plants rather
than one which has fewer and more resilient plant species. It seems that the success of
restoration relies on the overall design. In fact, Higgs (2003) claims that “restoration is
fundamentally a design practice” (pg 274). Two different methods of ecological
restoration are broadly known as passive or active restoration, but it is important to note
that ecological restoration is often described on a continuum from passive to active
restoration (Rohr et al 2018).
Passive restoration occurs when “humans assist by removing, lessening, or
ameliorating the factor(s) that are damaging the ecosystem, and then monitor the system
to ensure that it recovers via natural processes to some previous ‘healthy’ condition”
(Rohr et al 2018). Usually, this means that no further assistance once the foreign objects
have been removed. However, given that the definition includes monitoring the
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ecosystem to ensure that it recovers, it suggests that the project could become more active
if the environment does not recover. Passive restoration could remove all human
influence, or just the things that are causing ecosystem degradation (Holl and Aide 2001),
such as cleaning and removing an old mine which was continually leaking hazardous
chemicals while keeping other abandoned buildings untouched.
There are many benefits to passive restoration. The main one being that it is more
“natural” by allowing nature to make the decisions rather than humans simply designing
an ecosystem. On the flip side, the ecosystem could respond to degradation in any
number of ways, some of which may be undesirable. Without human influence, the area
might be taken over by invasive species or simply stay at a very low biodiversity.
Since many ecosystems are so degraded that it might take several decades or even
centuries to recover naturally, there is much pressure to accelerate the process and opt for
active restoration (Holl and Aide 2011). Active restoration removes the harmful factors
and uses some other method to speed up natural recovery. Active restoration can be
further split into many different methods of restoration based on the goals of the project.
Projects can be very active, such as restoring pre-disturbance topography in terrestrial
and wetland systems or river channel patterns, or less active, such as just reintroducing
propagules of plants or animals or actively manipulating disturbance regimes such as fire
and flooding (Holl and Aide 2011). In the former case, we are reshaping the landscape,
whereas the latter example is controlling processes within the landscape.
Restoring an ecosystem actively gives humans much greater control over the final
outcome, much like building a house. We chose the overall structure, materials, and what

22

things go where. However, it could have devastating effects. Mechanically planting trees
can damage naturally resprouting vegetation, dredging sediments can resuspend
contaminants (making them more bioavailable), and channel reconfiguration efforts in
river restoration can lead to long-term losses of sensitive taxa (Rohr et al 2018). Active
restoration also has higher monetary and time costs as there are many more decisions to
be made (Allison 2007).
Allison (2007) believes that choices are unavoidable in restoration. The choices
that humans make during ecological restoration are inherently linked to the entire lifespan
of that ecosystem because we direct the path of succession by interfering with the current
state of the ecosystem. Because we cannot avoid making decisions, humans need to be
empowered by their choice and be responsible for nature. Even if we decide to do
nothing, that is still a decision (Allison 2007).
Active restoration might be more expensive and labor intensive, but is more likely
to be quicker and more successful than passive restoration (Rohr et al 2018). However,
once an ecosystem crosses the threshold of being so degraded that active restoration
would be too expensive and still may not work, passive restoration is the better option
(Holl and Aide 2011). If there is only a very small chance that we can turn it into
anything remotely alive or healthy (e.g. normal ecosystem function), then we should let
nature decide how secondary succession occurs. There are many subtleties to determining
which method to use, but the choice may be the difference between a successful
restoration and a failed one.
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Given the goals of returning to the native ecosystem in the Mana Island
restoration project (Box 1), stakeholders decided that the best methods used were
eradication of house mice, planting trees, and reintroduction of species. Getting rid of the
invasive house mice was the first action taken, which can be seen as a passive restoration
method, given that we are just removing one of the stressors. Secondly, the project
reforested all of the areas which had been converted to grazing land for cattle, which is a
very active method of restoration. Once the house mice were no longer a threat to native
species, and some level of native habitat was reestablished, the project began
reintroducing native species.

Success
Ecological restoration, when implemented effectively and sustainably, contributes
to protecting biodiversity; improving human health and wellbeing; increasing food and
water security; delivering goods, services, and economic prosperity; and supporting
climate change mitigation, resilience, and adaptation (SER 2019). But it is not clear
whether or not all of these things are necessary for successful restoration. Wortley et al
(2013), Zedler (2007), and Suding (2011) agree that that ‘success’ in restoration literature
is used in many different ways and is often subjective.
Success is only mentioned in the SER framework when discussing what things
will make success more likely; they do not offer any standards for how to measure
success. However, they do claim that full recovery of an ecosystem includes getting all
the key ecosystem attributes to resemble as closely as possible the native ecosystem. But
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this still does not show if they believe success only occurs with full recovery, or if some
partial recovery can also warrant success. Additionally, one of the six key ecosystem
attributes that SER , absence of threats, seems impossible to attain. If we decide to keep
this attribute to determine success, then it seems that no restoration project could ever be
successful.
Holl and Aide (2011) looked at a restored area within the Andes mountain range.
Active restoration methods included planting Andean alder (Alnus acuminata) to
accelerate forest recovery. While the forest was restored successfully (by meeting all of
the goals of the project), those areas had less diversity than areas of the same age who
were left to recover alone when checked after 30 years. Thus, in this project, passive
restoration would have resulted in a more successful recovery according to the goals of
the project. Does that then mean that the ecological restoration was not successful? If we
base success off of SER’s 6th principle (seeks the highest level of recovery attainable),
then it seems we did not meet that. As we cannot accurately predict what will happen to
an ecosystem with or without human intervention, there is no way to ensure that the best
possible outcome will be met. This is not to say that we should not try, but that, in
measuring success, we should not only pay attention to the physical outcome.
Alternatively, basing success on whether or not we meet the goals of the project,
that too seems inadequate. Zedler (2007) argues that unless all goals are met, judging
success or failure is subjective, “if 50 percent of the criteria were met, either success or
failure could be argued based on personal feelings, prejudices, or interpretations.”
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Further, he found that, although the very definition of goals, restoration projects only
rarely included clear and measurable goals (Zedler 2007).

Failures of current practices
I argue that the current standards for ecological restoration are not sufficient to
prepare for future climate change, population growth, and continued resource use. Before
I fully explain my new propositions, it is necessary to explain how current restoration
standards are failing.
Currently, historical conditions are often a major influence on restoration goals
(Figure 1). Most of the practices look to the past to gain information about the landscape,
and target ecosystems are almost always based on the most recent native ecosystem.
However, a goal to recreate a historical ecosystem is problematic for several reasons. One
practical consideration is selecting an appropriate time point in history. A possible
candidate in North America would be before Europeans colonized, since that’s when
most of the harm was done. However, the conception of nature which was used to
initially destroy the ecosystem is still heavily ingrained in our society, so restoring using
these guidelines could allow for the ecosystem to easily get destroyed again.
Furthermore, indigenous cultures in North America were instrumental in maintaining
ecosystems before European colonization (Denevan 1992) and those cultural practices are
now largely lost. Another practical consideration for choosing a historical reference
ecosystem is lack of knowledge about how that ecosystem functioned. While scientists
may have had a general idea of the ecosystem and species that were present, there is no
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reliable way to tell the frequency and intensity of disturbance regimes or the density and
abundance of species. It seems very unlikely that restoration ecologists can recreate a
historical ecosystem if they cannot know what it looked like. Furthermore, climate has
also changed historically and is likely to be different than current and future climates.
Invasive species are a ubiquitous feature of contemporary ecosystems. Therefore using
some previous ecosystem as a reference conditions may seem straightforward, but
re-establishing a historical ecosystem may not be relevant or even possible in our society
(Choi 2007).
The impracticality of a historical reference ecosystem opens the possibility for
different kinds of target ecosystems and different kinds of associated goals. Westphal et
al. (2010) argue that one is “renaturing,” which they believe is what the practice called
ecological restoration actually attempts. According to this view, true restoration poses the
impossible goal of recreating a past ecosystem, but renaturing can open the door to many
possibilities. “A prairie restoration at the scale of a nature garden or even one 50 acres in
extent will never be home to a bison, the prairie's keystone species. Instead, most projects
focus on recovering or reintroducing the key flora of a target community and hope to
attract smaller fauna such as butterflies and reptiles” (Westphal et al 2010). Current
restoration projects, according to Westphal et al (2010), are not aiming toward, nor
achieving, actual restoration, which they believe requires an ecosystem to return to
exactly the state it used to be. Goals associated with target ecosystems that are not firmly
rooted in historical ecosystems may be more achievable, as non-historical target
ecosystems may be more resilient against the threats to contemporary ecosystems such as
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climate change and intensive human use (Laughlin et al 2017). Changing the definition of
our practice (Westphal et al 2020) or updating practices (Laughlin et al 2017) both seem
like reasonable solutions to the improbability of historical target ecosystems and ones
which I feel fit nicely into my proposed direction for ecological restoration.
We need to work to expand restoration to make fragile and essential ecosystems
more at the focus of the discipline. The vast majority of current restoration practices are
focused on plants in terrestrial settings (Brudvig 2011). However, many ecosystems in
dire need of restoration assistance are fragile ecosystems which are more vulnerable to
destruction such as wetlands or coastal areas. Freshwater ecosystem degradation
specifically is causing immediate effects on humans and most living things (Bernhardt
and Palmer 2011). As we are depleting freshwater catchments or polluting water, many
humans around the world are being left to drink unsanitary water, leading to many
unnecessary health issues (IPCC 2019). This shows an inherent need to restore freshwater
systems around the world, with the main goal being to restore ecological services.
Given that the population of humans is expected to continue growing at
exponential rates, ecosystems will continue to be destroyed for urban development or
agricultural purposes. We should aim towards making an ecosystem which is resilient to
human interaction. Historically, ecosystems have been degraded due to human
development, resource use, or to use the land for growing crops. Restoration is clearly a
method of remedying the wrongs we have done, but does not prepare for the future in a
meaningful way because the ecosystem we are trying to get back to did not exist in a
world with the stressors ecosystems face today. The estimated population growth cannot
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decrease development, stop using resources, or grow less food. Simply restoring a site to
its previous native ecosystem (or as close as possible) and making adaptive management
resilient to climate change still does not adequately prepare for the future.
With a continual growth of the human population, we cannot expect that
resources will be used at a slower rate. To prepare for that, restoration needs to find a
way to allow for the use of those resources without completely deleting an ecosystem.
There are ways of obtaining ecosystem services without harming the environment, but we
have to plan and adapt for that. The current rate of human consumption drains
ecosystems of vital resources before they have a chance to renew themselves (Dobson et
al 1997; de Brito Neto et al 2016).
De Brito Neto et al (2016) studied the water-level of the Ogallala Aquifer
between 1960-2012. The aquifer covers about 440,000 km2 in eight states: Colorado,
Kansas, Nebraska, New Mexico, Oklahoma, South Dakota, Texas, and Wyoming. Data
accumulated from 9092 observation wells in Texas found that the water table was
dropping an average of one foot every year, despite the average recharge rate for this area
being 60mm per year (de Brito Neto et al 2016). It’s very clear that, at this rate, the
Ogallala Aquifer is being drained at such a rate that the natural recharge cannot sustain
human use. Water is arguably the most important resource for human survival and is used
in almost every aspect of our lives. Draining the aquifer is inherently draining water from
all of the ecosystems above it, damaging them by lowering the water table and not
allowing roots to reach water or drying out natural water sources for animals to drink
from. Unless we begin using water more sustainably, or find a way to help speed up the
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process of groundwater recharge, ecosystems above depleted aquifers will begin to
deteriorate very quickly.
Another failure of current restoration practices is the lack of ecosystem stability
goals (Hallet 2013). In a study of 203 restoration sites done by the Global Restoration
Network (a database of global restoration efforts created by SER), only about 21% of
restoration projects included goals relating to ecosystem stability, or the presence of
attributes that help in maintaining the form and function of a restored ecosystem in the
long term (Hallet 2013). While adaptive management is one of SER’s principles,
continually staving off ecosystem collapse is not the same as inherently aiming toward
stability.

Looking forward
The process of restoration which I have just laid out is good, but we need to do
better in order to ensure a continual success in the future. The future of restoration needs
to take into account the future of the state of the earth, the human population, continued
resource use, a warming climate, and more natural disasters. In order to do this,
ecological restoration should work to include all relevant values, expect and prepare for
drastically changing environments, lean more heavily on future predictions than past
knowledge, and work to increase education about human-environment interactions. I
have created a model which shows how I think restoration processes should be done in
the future (Figure 2).
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Model for Future Standard
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Values
The values that are currently being included in restoration projects are relevant to
the specific type of restoration project. In order to understand how humans often see
values in ecosystems, we need to understand how humans view different types of
ecosystems.
With respect to any given ecosystem, there are many values at play, such as
intrinsic, monetary, aesthetic, or cultural. Even though they can all exist within the same
ecosystem at the same time, some expressive norms of these values are opposites of each
other. Expressive norms are rational actions that adequately express our attitudes towards
valuable things (Anderson 1993). For example, a society viewing an ecosystem for its
intrinsic value would dictate an expressive norm of leaving the ecosystem alone because
it is valuable in itself and needs no alterations. However, an ecosystem with monetary
value dictates that we utilize that monetary value so as to not waste it. Although we
notice many different values, we are generally not value pluralists; society often chooses
monetary value as more important and therefore other values are eliminated. By choosing
the values of money and food when turning a forest into agriculture fields, the intrinsic
and ecological service values of the forest are lost completely.
The divergence of expressive norms for ecosystems is inherently linked to the
incommensurability of the values at play. Most of these cannot be measured on a
common scale and thus cannot be compared to each other to determine which value is
higher or more important in any given ecosystem. Costanca et al (1997) puts a dollar
amount on various ecosystem services, measured per hectare per year. But most of these
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numbers are based on the cost of technology to replace them, and do not take into
account the values. Thus, even when it seems like values can be compared to each other,
the measurement does not seem to be accurate. The incommensurability becomes an
issue when deciding what to do with an ecosystem. We often measure the value of
ecosystems in monetary terms of what can be harvested and utilized; however, an
environment as a whole cannot be measured. Many people, however, believe that intact
ecosystems have enormous intrinsic value, which is incommensurable to the monetary
value associated with that same ecosystem. One-of-a-kind ecosystems are often protected
by the public because their intrinsic and rarity values are extremely high. The Great
Barrier Reef (box 2), in addition to being a community icon, has a growing rarity value as
reefs around the world are dying; this value is one of the motivating factors for this
restoration project.
Overall, a plurality of values can make things difficult when thinking about what
to do with an ecosystem or how to restore one. There may be many values that we want
to reintroduce or strengthen in a restoration project, but some values may contradict one
another. For example, promoting monetary value might mean tearing down a forest to
grow agriculture, whereas promoting aesthetic value might mean taking out an
agricultural field or planting non-native plants that are pleasing to look at. Anderson
(1993) states that, “pluralism maintains that the evaluative concepts by which we express
our reasons for valuation and action are fundamentally diverse” (pg 98). This means that
humans can value many different things in many different ways; the things I do to show
value for my mother are not the same as the things I do to show value for food, but both
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are equally good and valid. There will always be a diverse field of values at play in
ecosystems, and thus a diverse field of potential actions towards any given ecosystem.
By changing the way we look at ecosystems being restored and being true
pluralists about value, we can allow for a more resilient ecosystem and be able to keep
more values intact. With an integrated version of restoration, conflicting or competing
values may be able to coexist. Further, including more values into restoration practices
may actually change the definition of restoration to open it up to less traditional forms of
ecological restoration. SER (2019) discusses the continuum of restorative activities in
their eighth principle, which claims that restoration is part of a spectrum of activities that
all seek to reduce societal impacts by being more sustainable all the way to fully
recovering native ecosystems. What I am arguing for here might not be a version of
ecological restoration, but simply a different part of the spectrum. However, there is not
much in the literature that discusses any other part of this continuum, so I am not entirely
sure where it would fit in.
Instead of agriculture fields or a forest, we could create some shaded agriculture.
This is already being done on a large scale by the coffee industry; anytime you pick up a
bag of coffee with the “Rainforest Alliance” label, that coffee was grown in a forested
area. Charbonnier et al (2017) studied two plots of coffee plants for two years, one was
grown normally in an open field, and the other was grown in an agroforestry system
underneath trees. They found that although the latter plot has 60% less sunlight, light-use
efficiency increased by 50%, making net primary productivity nearly the same
(Charbonnier et al 2017). I believe this can be spread to other agricultural industries,
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opening up restoration projects to ecosystems still in use. We can therefore increase
intrinsic, aesthetic, and biodiversity values without decreasing monetary or use values in
any significant way. This is not to say that all agriculture practices will adopt restoration
practices, nor will all restoration practices seek to include all of these values, but with
this, we can create more sustainable landscapes.

Future Predictions
The changing climate is already having large effects on the environment, so we
know that the environment is already different from its historical conditions. The official
predictions from the Intergovernmental Panel on Climate Change (IPCC) show that it is
expected to continue changing (IPCC 2019). Thus, we have to address it in the goals and
not just in the adaptive management after restoration is over. Since we already know that
the environment is changing and will continue to drastically change, we need to include
that knowledge in creating our target ecosystems, goals, and aims. By simply reacting to
climate change rather than proactively planning for it, we are more likely to see
ecosystems fail or have a very large amount of human interaction. If the point of
restoration is to have the ecosystem be able to sustain itself, failing to plan for global
change will cause a need for almost constant human involvement and alteration which
seems to go against this ideal of restoration.
Current and future generations cannot stop using resources. Our population is
only expected to continue growing, with estimates of around 10 billion by 2050 (UN
World Population Prospects 2019). However, restoration generally aims to recover land
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that was degraded for resource extraction, such as land and grass for cattle grazing or
physical resources from mining. The current standards for restoration might prepare for
continued human interaction, but does not prepare for continued resource use.
Restoration ecologists should focus on making ecosystems able to provide us resources
while still maintaining its stability.
The climate is changing and we need to increase stability and sustainability goals
in restoration projects. As already stated, only a very limited number of restoration
projects have these as their goals (Hallet 2013), but it may be essential for ensuring
long-term success. It could be argued that stability is generally an inherent goal in a lot of
restoration cases because no one sets out to restore an ecosystem so that it will fall apart
in a few years. However, that resilience only refers to local disturbances and not ones that
will heavily alter the state of the environment (SER 2019).
Laughlin et al (2017) offers a solution by arguing for trait-based restoration,
which aims to create a target ecosystem from various species within a past ecosystem
with traits that make them likely to survive a changing climate. If we follow this
approach, stability and sustainability would be inherent goals of restoration practices.

Social Change
One of the biggest problems facing ecosystems is the view that nature equals
resources. Even for those who want to protect these resources, they are seen as a tool
rather than an essential part of Earth. I believe that in order to change our actions towards
the environment, we must first change our attitudes towards it. I will not get too deeply
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into how we should go about social change, but highlight the importance of it regarding
restoration.
As just discussed, humans will not be able to stop using resources given the
growing population. However, we need to decrease the amount of resources being used
by using them more sustainably. With less pressure on the environment, many
ecosystems will begin to repair themselves without restoration, and it will be more likely
that restored ecosystems will facilitate additional future recovery.
Lastly, education about nature and the environment needs to be more prominent
in our society. In my public education, I only vaguely remember being taught anything
about the environment outside of how humans have historically exploited it. Protected
and restored areas should be a source of education. Much of the nature people are
exposed to, especially in cities, is heavily altered and more similar to gardens than to wild
ecosystems. Restoration sites can be an excellent source of education about ecosystem
functions, ecosystem services, biodiversity, and local species. Increased education on the
environment can lead to an increased appreciation, curiosity, and respect for nature; all
things which increase the likelihood of seeing ecosystems for their intrinsic value rather
than only for their instrumental value.

Conclusion
Ecological restoration is the practice which aims to help recover ecosystems that
have been damaged or destroyed. The current standards for ecological restoration were
created by SER, first as a primer in 2004, next as a list of six concepts in 2016, and most
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recently as an eight principle framework published in 2019. The amount and specificity
of guidance has grown with every edition and will likely continue to be updated in the
future. I have provided a model of the current restoration practices as they appear in the
2019 standards (Figure 1). After discussing in length the different steps of restoration, I
point out a few of the failures, including severely underestimating the effects of climate
change by not adequately preparing ecosystems to be resilient against threats larger than
normal disturbances, and having too much focus on the past. In order to better prepare for
a radically changing environment, I suggest a much larger role for future predictions
(climate change, population growth, and resource use) from the very beginning of the
restoration process (Figure 2). In order for restoration to become more successful, we
need to focus on values, future predictions, and social change.
.
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